1.. INTRODUCTION
A method for the determination of chlorpyrifos (diethyl-. 3,5,6-trichloropyridyl phosphorothioate) residues in cured tobacco is presented.
Chlorpyrifos is now recommended by the Tobacco Research Board of Rhodesia as a soil insecticide for the control of cutworm. Its use on tobacco necessitated a study of residual chlorpyrifos in cured leaf and the tobacco offered for sale will be monitored using this method.
The method described affords a determination of chlorpyrifos which is free from interference from all organophosphate compounds recommended and all9'Wed in Rhodesia on tobacco, such as monocrotophos, methomyl, disulfoton, demeton-S-methyl, dimethoate and menazon. Column:
Philips Model R.
Electron capture, Ni68, .1.0 millicuries.
1..0 m glass, 4 mm inside diameter.
Liquid phase:
OV-1.7 + QF-1. at 1.1. 0 /o. Support: Gas-Chrom Q, 8o-1.oo mesh.
Column temperature: 205° C.
Detector temperature: 240° C.
• T.R. If desired a 2.0· m column can be used, with a carrier gas flow of 6o ml/miil.. Under these conditions the retention time of chlorpyrifos is 4 minutes -45 seconds. 2..1..5.2 Gas-liquid chromatograph, therrnionic detector {Philips Pye Unicam Model :104 fitted with a caesium bromide tipped therrnionic detector).
Chromatograph:
Detector:
Column:
Support:
Column temperature: Gas:
Gas:
Carrier gas:
Chart speed : 2.2.6 Chlorpyrifos standards prepared by dissolving 0.1.000 g A.R. chlorpyrifos standard in 1.0 ml A.R. acetone and making up to 1.00 ml with distilled petroleum ether. This is the 1. X 1.o·S g/ml standard from which standards to 1. X 1.o·i g/ml are derived by dilutions. The 1. X 1.0-5 g/ml standanl was diluted to give 0.1. -to 0.5 ng/5 ~I for linearity testing.
Procedure
2.3.1. Milling of Tobacco: Using a Wiley Mill grind 2-3 hands of tobacco {circa 500 grams) all to pass through a :1 mm mesh sieve.
Drying of Milled Tobacco:
By means of a sample splitter reduce the milled sample to about 1.00 g. Analyse the sample as received and correct for moisture; do not transfer the sample to a forced draught oven at 45° C and leave overnight. Spiked samples treated in this manner lost chlorpyrifos.
• Cooperation Cellue for Sdanific Reoeard. Rebtin to Tobacco, Pario.
.2.3.3 Preparation for Extraction: To a dean, dry, sintered glass extraction thimble (see .2.1..2) add 5 g of Florisil and tap gently to obtain a homogeneous layer. Weigh 5 g of the tobacco and 1:0 g of Florisil (see 2.2.4) onto a filter paper and mix thoroughly. Carefully add this to the Florisil layer and tap. When settled, place a wad of oil-free cotton wool on the top of the mixture.
Extraction:
Insert the glass thimble in the Soxhlet and extract with A.R. disttlled acetone for 8 hours.
.2.3.5 Concentration: Remove the 250 ml flat-bottom extraction flask from the Soxhlet and transfer the contents to a round-bottom flask for use on the Heidolph Rotary Evaporator. Evaporate at a vacuum of 40mmHg. Ice cold water must be used to cool the condenser. Evaporate the sample to remove all free acetone, i.e. to near dryness, redissolve the sample in 2 rnl of petroleum ether. The extract is then ready for column chromatography.
2.:3.6 Column Chromatography: Prepare the chromatography column with a glass wool plug at the base. Add petroleum ether to half fill the column, weigh 7·5 gsilica gel, and transfer some of the silica gel [aher Ramsay and Patterson, selected and stored as described by Toet & Toet (1.)] to it. Stir the petroleum ether and silica gel through a small funnel into the glass col.umn to obtain a uniform sluny. Slowly add the entire {7.5 g) silica gel, ensuring that the sluny is kept homogeneous by additions of petroleum ether and continuous stirring. Allow the column to settle and add 2 g anhydrous sodium sulphate. Fit the elution funnel to the glass chromatography column by means of the connector (asshowninfigure:t). Pass a further 50 ml of petroleum ether through the column, discard eluate. Introduce the sample to the top of the column and elutewith1.5ornlpetroleum ether.Collect the petroleum ether eluate and adjust to 1.00 ml. Elute with 1.,5oml5'/o ether in petroleum ether. Collect the5 1 /t ether eluate and evaporate to 5 ml on the Heidolph Rotary Evaporator; make up to 1.00 ml with petroleum ether. Both eluates must be screened for chlorpyrifos, because, depending on the. nature of the tobacco, variable quantities of chlorpyrifos can be found in both eluates.
.2.3.7 Cas-Liquid Chromatography: Most analyses can be done with the electron capture detector (2..1:.5.1.). Chlorpyrifos elutes from the liquid phase between aldrin and o,p'-DDE. There are no other dtlorinated pesticides with the same retention time. Toxaphene can be readily separated on a 2 m column for the electron capture detector and on the 1.09 m column the thermionic detector gave good separation. Chlorpyrifos standards did not show Unearity at concentrations greater than 0.3 ng/5 fll ( Figure . 2), therefore a suitable standard was o.25 ng/5 fll. The column requires constant conditioning; aher every three samples it is advisable to test the standards, particularly while running the 5 D/o ether eluates. Under the specified conditions 99°/1 of the chlorpyrifos is found in the 5'/o ether eluate. Figure 3 , where peak height is plotted against con- 
3· RESULTS AND DISCUSSION
The advantage of using the thermionic detector is that there are no interfering peaks from tobacco co-extractives, whereas the electron capture detector becomes contaminated by the 5 °/o ether eluate even though most of the ether has been removed by evaporation prior to making up to 1.00 ml with petroleum ether. This method gave reproducible results and recoveries from spiked samples were excellent. The lower limit of detection under the above conditions was o.o5 ~-tg/g. shows the electron capture, and Figure 4 .2 the thermionic gas-liquid chromatograms of a standard and a spiked sample. Recoveries of spiked tobacco samples are given in Table 1 . for both the electron capture detector and the thermionic detector. The samples were first measured by the electron capture detector and then after ten times concentration measured by thethermionicdetector.
SUMMARY
A method for determining chlorpyrifos in cured tobacco by gas-liquid chromatography, using electron capture and thermionic detection, is described. Ground, cured tobacco, mixed with Florisil, is Soxhlet extracted with acetone for eight hours. The extract is evaporated to dryness, redissolved in a small amount of petroleum ether, and eluted through a silica gel column using first petroleum ether and then 5 0/o ether in petroleum ether. The volumes of the eluates are adjusted and their chlorpyrifos content determined by gas-liquid chromatography, using an electron capture detector and, for confirmation, a thermionic detector. Recoveries from spiked samples are good, and results are reproducible. 
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